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Description 

Technical Field 

5 [0001] The present invention relates to a catalyst for hydrogenation treatment in which Mo-Ni, Mo-Co or the like is 
supported on an alumina-type carrier, and a method for hydrogenation treatment of heavy oil using the same. More spe- 
cifically, it relates to the above-described catalyst showing a specific X-ray diffraction pattern, and a method for hydro- 
genation treatment of heavy oil using the same. 

10 Background of the Invention 

[0002] In the petroleum refining, there are a large number of steps of refining various fractions through hydrogena- 
tion treatment, and a wide variety of catalysts therefor have been developed. Typical examples are a catalyst for desul- 
furization and denitrif ication of naphtha, kerosene, light oil and the like, a catalyst for desulfurization and denitrif ication 
15 of heavy<Juty light oil, a cracking catalyst, a catalyst for desulfurization and denitrification of residual oil and heavy oil, 
and so forth. Of these, a catalyst which is used in a hydrogenation treatment step of treating naphtha, kerosene and 
light oil, which has a relatively low boiling point and which has almost no contents of metal impurities such as vanadium 
and the like is degraded to a small extent by the use. 

[0003] Further, these catalysts were not degraded with vanadium or the like by the use, and they were degraded 
20 mostly by accumulation of a small amount of a carbonaceous material. When this was removed through burning or the 
like, they could be reused. Further, with respect to the removal of the carbonaceous material, since the amount of the 
carbonaceous material on the catalyst is small, a reusable catalyst is obtained without the need of strict burning control. 
Further, catalysts once used include catalysts which are degraded to a small extent, and such catalysts can be reused 
as they are. These catalysts are reused in the treatment of naphtha, kerosene, light oil and the like without special care. 
25 [0004] Moreover, a catalyst for hydrogenation treatment of heavy-duty light oil and reduced pressure light oil has 
recently been reused through regeneration or the like. The regeneration and use methods have been also established. 
For example, it has been known that in a heavy-duty light oil hydrogenolysis process, a hydrogenolysis catalyst and a 
hydrodenitrif ication catalyst for its pretreatment can be regenerated and used through hydrogen activation or oxygen 
activation. 

30 [0005] Regarding the catalysts used in hydrogenation treatment of these distillation oils, since stock oils treated 
contain less metal impurities, metals derived from raw materials, such as vanadium and the like are less accumulated 
on the catalysts. Further, a carbonaceous material is not only less accumulated, but also easy to burn. In the regener- 
ation through burning, the catalyst surface does not have quite a high temperature, and a pore structure of a catalyst 
carrier, a supported condition and the like of an active metal phase are less changed. Thus, the catalysts could have 

35 been reused in the treatment of distillation oils such as heavy-duty light oil, reduced pressure light oil and the like (Stud- 
ies in Surface and Catalysis, vol. 88 p. 199 (1994)). 

[0006] However, in the hydrogenation treatment of heavy oil having a high boiling point or containing a fraction inca- 
pable of distillation, such as residual oil, metal impurities contained in stock oil and ingredients liable to carbonization, 
such as asphaltene and the like are present in large amounts, and large amounts of metals and carbonaceous materi- 

40 als are consequently accumulated on spent catalysts. Further, qualitatively, with respect to the spent catalysts on which 
the metals and the carbonaceous materials have been accumulated simultaneously, the carbonaceous materials can- 
not easily be removed through burning. Even though they are removed through burning, the pore structure of the cata- 
lyst carrier, the supported condition of the active metal phase and the like are greatly changed. Thus, a performance as 
a catalyst has not been expected (Catal. Today, vol. 17, No. 4, p. 539 (1993), Catal. Rev. Sci. Eng. 33 (3 & 4) p. 281 

45 (1 991)). For this reason, these spent catalysts to which vanadium is adhered to some extent have been discarded with- 
out being reused. 

[0007] The present invention aims to provide a catalyst which can be utilized through regeneration treatment or the 
like of a catalyst not used because of deactivation by the use in a hydrogenation treatment process, and a method for 
hydrogenation treatment of heavy oil using the same. 

50 

Disclosure of the Invention 

[0008] The present inventors have assiduously conducted investigations, and have consequently found that a pref- 
erable catalyst for hydrogenation treatment can be provided by regenerating a catalyst deactivated by the use in a 
55 heavy oil hydrogenation treatment process and analyzing a crystal condition of a support metal and the like from the X- 
ray diffraction pattern thereof. On the basis of this finding, they have completed the present invention. 
[0009] That is, the gist of the present invention is described below. 
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(I) A catalyst to be fed to a heavy oil hydrogenation treatment apparatus in which an inorganic oxide carrier con- 
taining alumina contains Mo, Ni and V or Mo, Co and V, a peak height ratio I -|/Iq according to the X-ray diffraction 
measurement is between 0. 1 and 1 .0, and l 2 /li is 1 .0 or less in which l 0 , l-j and l 2 are peak heights appearing when 
d values of the X-ray diffraction pattern are 1 .98 ± 0.05 A, 3.32 ± 0.05 A and 3.79 ± 0.05 A, respectively. 

5 (2) The catalyst as recited in (1), wherein a peak height ratio ly^ according to the X-ray diffraction measurement 

is 1 .0 or less in which l 3 is a peak height appearing when a d value of the X-ray diffraction pattern is 3.55 ± 0.05 A. 

(3) The catalyst as recited in (1) or (2), wherein the vanadium content is between 0.1 and 35% by weight. 

(4) The catalyst as recited in any of (1) to (3), wherein the carbon content is between 0.3 and 15% by weight. 

(5) The catalyst as recited in any of (1) to (4), wherein a specific surface area is between 60 and 220 m 2 /g. 
10 (6) The catalyst as recited in any of (1) to (5), wherein a pore volume is between 0.3 and 1 .2 cc/g. 

(7) The catalyst as recited in any of (1) to (6), wherein the form of the catalyst is substantially cylindrical, the axial 
average length is between 1.6 and 10.0 mm, a product of 1.5 mm or less is 10% by weight or less, and a product 
of 1 .0 mm or less is 5% by weight or less. 

(8) The catalyst as recited in any of (1) to (6), wherein the average length of the catalyst is between 2.0 and 10.0 
is mm, the product of 1 .5 mm or less is 1 0% by weight or less and the product of 1 .0 mm or less is 5% by weight or 

less. 

(9) The catalyst as recited in any of (1) to (8) which is obtained by using a catalyst in which Mo and Ni or Mo and 
Co are supported on an inorganic oxide carrier containing alumina in hydrogenation treatment of heavy oil, and 
then regenerating the catalyst through oxidation. 

20 (10) The catalyst as recited in any of (1) to (9), wherein the molybdenum content is in the range of 0.1 to 25% by 
weight, and the nickel or cobalt content is in the range of 0. 1 to 1 0% by weight. 

(I I) The catalyst as recited in (10), wherein the inorganic oxide carrier containing alumina contains 0.1 to 10% by 
weight of phosphorus. 

(12) A method for hydrogenation treatment of heavy oil using the catalyst as recited in any of (1) to (11). 
25 (13) The method as recited in (12), wherein the hydrogenation treatment is hydrodesulfurization treatment or hydro- 
demetallization treatment. 

Best Mode for Carrying Out the Invention 

30 [001 0] The mode for carrying out the present invention is described below. 

[001 1] In the present invention, a catalyst which is once used in the hydrogenation treatment process of heavy oil 
and the like and degraded is subjected to regeneration treatments such as screening, cleaning, oxidation and the like 
for providing specific properties and composition, so that it can be reused as a catalyst for hydrogenation treatment. 
[0012] In the heavy oil hydrogenation treatment process, the treatment of heavy oil is conducted for various pur- 

35 poses. As a main purpose, desulfurization and cracking are often conducted, and also in these cases, removal of met- 
als or nitrogen of oil formed is frequently intended. For example, in the desulfurization process for production of heavy 
oil, a nitrogen content and metal contents, other than a sulfur content of product heavy oil, are important quality control 
items in many cases. 

[0013] Further, the heavy oil desulfurization process is sometimes used in the pretreatment of a catalytic cracking 
40 process for gasoline production. As a raw material for catalytic cracking, reduction of not only a sulfur content but also 
a nitrogen content and metal contents and hydrogenation of aromatic hydrocarbons are required at times. Further, in 
these hydrogenation treatment processes, a cracking performance is also required, in some cases, to obtain large 
amounts of light oil fractions having a high value added. Moreover, as in the hydrogenolysis process, a nitrogen com- 
pound in stock oil which becomes a catalytic poison of a cracking catalyst is sometimes preliminarily removed by a den- 
45 itrification reaction. 

[0014] The hydrogenation treatment of heavy oil here refers to the above-described various hydrogenation treat- 
ments of heavy oil. It includes naturally the hydrogenation treatment reaction alone as a main purpose, as well as the 
hydrogenation treatment reaction which is conducted simultaneously with the other hydrogenation treatment reaction 
and the hydrogenation treatment for pretreatment or post treatment of the other reaction. 

so [001 5] Next, the catalyst is described. The catalyst of the present invention is a catalyst for hydrogenation treatment 
of heavy oil (including a catalyst already subjected to sulfurization treatment), ordinarily used which catalyst is used at 
least once in the hydrogenation treatment of heavy oil or the like and discharged once from a reactor in the form of a 
catalyst having adhered thereto vanadium and the like derived from stock oil (hereinafter referred to as a "spent cata- 
lyst"). Further, the catalyst of the present invention is produced to have the following characteristics in the pattern of the 

55 X-ray diffraction measurement by the regeneration treatment or the like, and it is a catalyst prepared to be fed to a 
hydrogenation treatment apparatus. 

[001 6] Among the spent catalysts having been used in the hydrogenation treatment of heavy oil and the like, those 
having such properties that they can be used as a useful catalyst for hydrogenation treatment of heavy oil are limited. 
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The following characteristics are required in the pattern of the X-ray diffraction measurement. That is, a catalyst is 
required to be such that a peak height ratio \^/\ 0 according to the X-ray diffraction measurement is in the range of 0.1 to 
1 .0, and l 2 /li is 1 .0 or less in which l 0> l-| and l 2 are peak heights appearing when d values of the X-ray diffraction pattern 
are 1 .98 ± 0.05A, 3.32 ± 0.05 A and 3.79 ± 0.05 A. Further, a catalyst is preferable wherein a peak height ratio yu is 
5 1 .0 or less in which l 3 is a peak height appearing when a d value of the X-ray diffraction pattern is 3.55 ± 0.05 A. I 0 is a 
height up to a peak based on a line given by linking a rise point of a peak when a d value is 1 .98 ± 0.05 A. Further, I-, 
and l 2 are a height up to a peak based on a line given by linking a rise point on a high angle side of a peak when a d 
value is 3.79 ± 0.05 A and a rise point on a low angle side when a d value is 3.32 ± 0.05 A. 

[0017] Here, l 0 is a peak ascribable to alumina, and becomes an index of an existing amount of alumina in a cata- 
10 lyst. Further, 1 -j is a peak ascribable to NiMo0 4 or C0M0O4, and becomes a quantitative index of an existing amount 
thereof. Still further, l 2 is a peak that becomes an index of an existing amount of AI 2 (Mo0 4 ) 3 , and l 3 is a peak that 
becomes an index of an existing amount of vanadium oxide (V 6 0 13 ). Since vanadium can take various oxide states, a 
plurality of peaks ascribable to vanadium oxides are observed according to regeneration conditions in a pattern of x-ray 
diffraction measurement of a catalyst after regeneration. For this reason, a peak appearing when a d value is 4.28 ± 
15 0.05 A, 4. 1 3 ± 0.05 A, 4.02 ± 0.05 A, 3.40 ± 0.05 A, 3.24 ± 0.05 A, 3.1 7 ± 0.05 A or 2.90 ± 0.05 A can also be selected 
as a peak that becomes an index of an existing amount of vanadium oxide instead of a peak l 3 appearing when a d 
value is 3.55 ±0.05 A. 

[0018] Accordingly, l-|/l 0 , indicates a relative existing amount of NiMo0 4 or CoMo0 4 to an alumina carrier. NiMo0 4 
or CoMo0 4 shows a degree of regeneration through oxidation treatment. When the degree is less than 0.1 , no satisfac- 

20 tory regeneration is conducted, and hydrogenation treatment cannot be conducted as expected. Further, when it is too 
large and exceeds 1 .0, NiMo0 4 or CoMo0 4 supported on a carrier clogs pores of the carrier so that the surface area is 
extremely reduced, or an active ingredient is not effectively supported but separated to be present as a mass. Thus, a 
function as a catalyst for hydrogenation treatment is extremely worsened. Accordingly, l-,/l 0 has to be in the range of 0.1 
to 1 .0, and it is preferably in the range of 0.2 to 0.8. 

25 [001 9] l 2 /li indicates a relative existing amount of AI 2 (Mo0 4 ) 3 to NiMo0 4 or CoMo0 4 . AI 2 (Mo0 4 ) 3 is considered to 
be an ingredient having no catalytic activity in the hydrogenation treatment reaction, and a smaller amount is preferable. 
Usually, AI 2 (Mo0 4 ) is little present in the catalyst production. However, it is considered to be formed when a catalyst is 
used in hydrogenation treatment at a high temperature or is exposed to a high temperature for removal of a carbona- 
ceous material and the like through burning and NiMo0 4 or CoMo0 4 as an active ingredient is then reacted with alu- 

30 mina as a carrier. Therefore, it is advisable that l 2 /l-i is 1 .0 or less, preferably 0.7 or less, more preferably 0.5 or less. 
[0020] l 3 /l-| becomes an index of an existing amount of V inhibiting a hydrogenation activity to NiMoS or CoMoS 
exhibiting a catalytic activity in the conditions of the hydrogenation treatment reaction. When it is used in the hydrogen- 
ation treatment of heavy oil and the like for a long time, especially in the treatment of deteriorated stock oil, this value is 
increased. That is, a catalyst is coated with V inhibiting the hydrogenation treatment reaction to notably decrease the 

35 function as a catalyst. Further, l 3 /l-| is an index of severity of the oxidation treatment of the spent catalyst. When this 
value is large, it is considered that denaturation of active metal ingredients occurs through excessive oxidation treat- 
ment or the like. It is advisable that I3/1 1 is 1.0 or less, preferably 0.5 or less, more preferably 0.3 or less. 
[0021] There is a method in which contents of vanadium and a carbonaceous material are directly measured as an 
index of degradation of a catalyst by the use in the hydrogenation treatment process. Vanadium is usually not contained 

40 as an active ingredient of a catalyst, but is included in minor impurities contained in stock oil to be subjected to hydro- 
genation treatment. It is convenient as an index of degradation by the use. It is advisable that the vanadium content of 
the catalyst of the present invention is 35% or less, preferably 20% or less (with respect to the metal content in the cat- 
alyst, a weight of an oxide of a metal to be measured is expressed in terms of % by weight using a weight of a product 
which is no longer reduced by oxidation treatment at 400°C or more as a standard weight; the same is applied to the 

45 following metal content). When the vanadium content exceeds 35%, the activity of the regenerated catalyst is too low, 
and the overall hydrogenation reaction does not proceed satisfactorily. Incidentally, when the vanadium content is too 
low, especially lower than 0.1%, vanadium is sometimes adhered to a catalyst newly produced only by sulfurization 
treatment with oil containing vanadium, and this catalyst is not said to be a spent catalyst considered in the present 
invention. Therefore, when the vanadium content is between 0. 1 and 35%, preferably between 0.1 and 20%, more pref- 

50 erably between 2 and 10%, the effect of the present invention is exhibited well. 

[0022] It is advisable that the carbon content is in the range of 0.3 to 15%, preferably in the range of 0.3 to 1 0% (the 
carbon content in the catalyst is expressed in terms of % by weight of carbon in a catalyst intended using a weight of a 
product which is no longer reduced by oxidation treatment at 400°C or more as a standard weight; the same is applied 
to the following). The carbon content is, in many cases, between approximately 10 and 70% at the spent stage. The 

55 carbon content can be reduced by removing carbon from the catalyst through regeneration treatment. When the carbon 
content is too high, it covers the surface of the catalyst to reduce the catalytic activity. However, when the carbon con- 
tent is properly reduced through regeneration treatment, the activity can be recovered. When the excessive oxidation 
treatment is conducted and the carbon content in the catalyst is less than 0.3, the relation of the peak value by the X- 
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ray diffraction measurement is sometimes not satisfied. The reason is considered to be that the active ingredient on the 
catalyst is denatured and inactivated by the excessive oxidation treatment. 

[0023] In a catalyst used under severe hydrogenation treatment conditions or a catalyst subjected to oxidation treat- 
ment, especially burning treatment for regeneration treatment, the catalyst surface is superheated to change a porous 

s structure of the catalyst or a supported state of a support metal, sometimes reducing a catalytic activity. As an index for 
evaluating the same, there are a specific surface and a pore volume of a catalyst other than the relation of the peak 
value according to the X-ray diffraction measurement. The specific surface area and the pore volume of the catalyst are 
gradually reduced owing to adhesion of impurities during the use in the hydrogenation treatment reaction, degradation 
with heat during the reaction and the like, and they are also easily reduced by regeneration treatment. In order to be 

10 usable as the catalyst of the present invention, it is preferable that approximately 70% of the specific surface area and 
the pore volume of a new catalyst before use remain. As properties of the catalyst of the present invention, it is advis- 
able that the specific surface area is between 60 and 220 m 2 /g, preferably between 100 and 200 m 2 /g, and the pore 
volume is between 0.3 and 1 .2 cc/g, preferably between 0.4 and 0.8 cc/g. 

[0024] Next, the form and the size of the catalyst are described. A catalyst used in hydrogenation treatment of 
15 heavy oil is usually produced through extrusion molding in many cases, and it takes substantially a cylindrical form. Its 
section is circular in most cases. There are catalysts having a three-leaf form, a four-leaf form and the like in an attempt 
to increase the outer surface. Further, a spherical catalyst is often used. The spherical catalyst is used when a com- 
pression strength or an abrasion resistance is especially required. 

[0025] When these catalysts are once used in the hydrogenation treatment of heavy oil and the like, the forms 

20 become different from the original forms through crushing or solidification. However, the forms are approximately the 
original forms in many cases, and it is advisable to mainly use these. For example, it is advisable that a catalyst which 
is solidified in massive form or powdered is removed through sieving (screening treatment). When a catalyst which is 
not subjected to such a removal procedure is packed in a reactor, a pressure loss of a catalyst layer is increased or 
channeling occurs at a stage of conducting hydrogenation treatment by passing stock oil and a hydrogen gas, so that 

25 ordinary hydrogenation treatment cannot be conducted at times. 

[0026] As a catalyst easy to use, it is advisable that the size is controlled while the form may be somewhat changed 
from that in the production of a catalyst. In a catalyst of a substantially cylindrical form (a catalyst which is formed by 
extrusion molding or the like in the production of a catalyst and mostly takes a cylindrical form or a nearly cylindrical 
form), it is advisable that the axial average length is between 1 .6 and 1 0 mm, preferably between 2 and 5 mm, a product 

30 of 1.5 mm or less is 10% by weight or less and a product of 1 .0 mm or less is 5% by weight or less. In the case of a 
spherical catalyst or a catalyst which is not seen spherical as a whole, it is advisable that the average length (a distance 
of the longest portion in a catalyst is defined as a length) is between 2 and 10 mm, preferably between 2 and 5 mm, a 
product of 1 .5 mm or less is 1 0% by weight or less and a product of 1 .0 mm or less is 5% by weight or less. 
[0027] Then, a new catalyst, a regenerated catalyst and regeneration treatment are described. First, a new catalyst 

35 includes naturally a catalyst which is produced and is not yet used in hydrogenation treatment, and a catalyst which is 
once used in hydrogenation treatment but stops the use after a short period of time owing to troubles in an apparatus 
and is reused as such. That is, it refers to a catalyst which is temporarily used but subjected to special activation treat- 
ment or which is withdrawn from a reactor and can be used as such still having a sufficient hydrogenation activity esti- 
mated at the initial stage without conducting regeneration treatments such as screening, cleaning, oxidation and the 

40 like. 

[0028] A new catalyst may be an ordinary commercially available catalyst or a catalyst specially produced. Further, 
a catalyst subjected to sulfurization treatment as pretreatment for use in hydrogenation treatment is also available. In 
the basic catalyst structure, alumina alone or alumina is contained as a carrier ingredient of an inorganic oxide carrier 
containing alumina, for example, an alumina, alumina-phosphorus or alumina-boron carrier (phosphorus, boron or the 

45 like means its oxide), and molybdenum, nickel or cobalt is contained as a support metal. By the way, phosphorus or 
baron is, for convenience, a carrier ingredient, but a case where it acts as a support ingredient is not excluded. 
[0029] The spent catalyst is a catalyst after hydrogenation treatment of heavy oil and the like is conducted using the 
new catalyst or the like, and vanadium in heavy oil is adhered to the catalyst. This vanadium has a low hydrogenation 
function and rather weakens the activity of a support metal or clogs pores of the catalyst, so that the hydrogenation 

so activity is reduced in many cases. What is considered as a spent catalyst in the present invention is a catalyst which is 
contaminated by adhesion of vanadium to some extent through hydrogenation treatment of heavy oil. Incidentally, the 
spent catalyst includes a catalyst after once regenerated and reused. 

[0030] The regenerated catalyst refers to a spent catalyst which does not exhibit a sufficient hydrogenation activity 
as such by having been once used in the hydrogenation treatment and is therefore activated through regeneration treat- 
55 ment. Here, the hydrogenation treatment of heavy oil or the like is generally desulfurization treatment. However, hydro- 
genation treatment such as demetallization, denitrification, removal of aromatics, cracking or the like is also available. 
Further, treatment of heavy oil is a common practice, but a spent catalyst which is regenerated after having been used 
in treatment of distillation oil such as heavy-duty light oil or the like is also available. Any regenerated catalyst will do so 
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long as it can be utilized in hydrogenation treatment of heavy oil. 

[0031] The regeneration treatment includes removal of oil or the like through solvent cleaning, removal of a carbon- 
aceous material, sulfur, nitrogen and the like through burning or screening of a catalyst of a normal form by removal of 
a massive or powdery catalyst, and so forth. The regeneration treatment of the spent catalyst in the present invention 
5 is preferably regeneration treatment by removal treatment through cleaning and oxidation of a carbonaceous material, 
preferably by oxidation treatment outside a reactor. 

[0032] In a preferable method for regeneration treatment of the spent catalyst having adhered thereto a large 
amount of a carbonaceous material, the spent catalyst is first cleaned with a solvent. Preferable examples of the solvent 
include toluene, acetone, alcohol, and petroleum such as naphtha, kerosene, light oil or the like. Further, a solvent that 

10 easily dissolves organic materials adhered to the spent catalyst is available. This cleaning treatment can also be 
achieved by circulating light oil and cleaning the catalyst while the catalyst is in a hydrogenation treatment reactor, and 
then drying the catalyst while passing a nitrogen gas or the like of approximately 50 to 300°C. Alternatively, it is also 
possible that light oil is circulated to clean the catalyst, and the catalyst is then withdrawn as such by being wetted with 
light oil to prevent heat generation or spontaneous ignition, and is dried as required. Further, there is also a method in 

15 which a crushed or powdery catalyst of a massive material, a scale and the like are removed from a spent catalyst with- 
drawn from a reactor, and the residue is cleaned with light oil and further with naphtha, making it easy to dry the cata- 
lyst. When the amount is small, a method of cleaning with toluene is appropriate for completely removing oil. 
[0033] In order that the catalyst from which oil and impurities have completely been removed through cleaning 
exhibits a satisfactory activity it is further required to remove a carbonaceous material through oxidation treatment. The 

20 oxidation treatment is generally conducted through burning treatment in which the temperature of the atmosphere and 
the oxygen concentration are controlled. When the temperature of the atmosphere is too high or the oxygen concentra- 
tion is too high, the catalyst surface comes to have a high temperature, so that the crystal form or the support condition 
of the support metal is changed or the pores of the carrier are reduced to decrease the catalytic activity. Further, when 
the temperature of the atmosphere is too low or the oxygen concentration is too low, the removal of the carbonaceous 

25 material through burning is unsatisfactory, and the recovery of satisfactory activity is not expected. The temperature of 
the atmosphere is preferably between 200 and 800°C, especially preferably between 300 and 600°C. 
[0034] It is advisable that the oxygen concentration is controlled in the range of 1 to 21%. It is preferable to control 
the same according to a burning method, especially a contact state between a burning gas and a catalyst. It is important 
that the temperature of the atmosphere, the oxygen concentration, the flow rate of the gas of the atmosphere and the 

30 like are controlled to control the surface temperature of the catalyst, to suppress the change in the crystal structure or 
the support condition of the crystalline particles of nickel or molybdenum being a metal of hydrogenation activity in a 
catalyst after regeneration and to prevent the decrease in the specific surface area or the pore volume of the catalyst. 
[0035] With respect to the catalyst subjected to burning treatment, it is advisable that only the catalyst of a normal 
form is used as a regenerated catalyst by removing a powdery catalyst and the like. Unless this procedure is conducted, 

35 an initial activity is sometimes expected well, but clogging of a catalyst layer or channeling occurs, or a pressure loss of 
a fluid in a reactor is increased, so that normal operation cannot be continued at times. 

[0036] The catalyst of the present invention is a catalyst used in hydrodesulfurization of heavy oil or the like, and it 
has to be inherently a catalyst having an ability of hydrogenation treatment. With respect to a basic catalyst structure 
for this, a catalyst in which an oxide of molybdenum, cobalt or nickel is supported on an alumina, alumina-phosphorus 
40 or alumina-boron carrier is preferably used. Of these, a catalyst of nickel-molybdenum supported on an alumina carrier, 
a catalyst of nickel-molybdenum supported on an alumina-phosphorus carrier and a catalyst of nickel-molybdenum 
supported on an alumina-boron carrier are especially preferable. 

[0037] When the carrier contains phosphorus, it is advisable that the phosphorus content is between 0. 1 and 10%, 
preferably between 0.2 and 8% (with respect to the phosphorus content in the catalyst, the weight of phosphorus is 

45 expressed in terms of % by weight using a weight of a product which is no longer reduced by oxidation treatment at 
400°C or more as a standard weight). Further, because of the heavy oil treatment, it is advisable to contain molybde- 
num as a support metal in an amount of 0.1 to 25%, preferably 0.2 to 8% and cobalt or nickel in an amount of 0.1 to 
10%, preferably 0.2 to 8% (with respect to the metal content in the catalyst, the weight of an oxide of a metal to be 
measured is expressed in terms of % by weight using a weight of a product which is no longer reduced by oxidation 

so treatment at 400°C or more as a standard weight; the same is applied to the following metal content). 

[0038] The new catalyst having the above-described structure is produced by a usual method, for example, a 
method for producing a catalyst for hydrodesulfurization of heavy oil, and hydrodesulfurization treatment of normal 
pressure residual oil is conducted for 1 year using this catalyst. It is an ordinary method for providing the catalyst of the 
present invention that the thus-obtained spent catalyst is withdrawn from a reactor and regenerated by the above- 

55 described regeneration treatment method. By the way, a catalyst in the most upstream portion of the reaction or the 
uppermost portion of the reactor is also available so long as it is a catalyst adapted to the requirements of the present 
invention. Usually, however, large amounts of scales or metals are sometimes adhered to these catalysts. Thus, it is 
preferable to conduct removal through screening. 
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[0039] The heavy oil hydrogenation treatment with the catalyst of the present invention is specifically described 
below. When the above-described catalyst is used, the reaction conditions are not particularly limited. However, general 
conditions are described. In the hydrogenation treatment process, a fixed bed reactor is generally used. A reaction sys- 
tem such as a moving bed, a boiling bed or the like is also available. Further, a flow of a reaction product may be an 
5 upward flow or a downward flow. As the most common hydrogenation treatment, desulfurization treatment of heavy oil 
is mentioned. 

[0040] The hydrodesulfurization treatment with this fixed bed reactor is mainly described. Heavy oil in the present 
invention refers to oil containing residues such as normal pressure residual oil, reduced pressure residual oil and the 
like, but does not include oil made only of distillation oils such as kerosene, light oil, reduced pressure light oil and the 

10 like. Heavy oil usually contains 1% by weight or more of sulfur, 200% by weight or more of nitrogen, 5% by weight or 
more of residual carbon, 5 ppm or more of vanadium and 0.5% or more of asphaltene. For example, other stock oil such 
as the above-described normal pressure residual oil, asphalt oil, thermally cracked oil, tar sand oil or mixed oil contain- 
ing the same is mentioned. As heavy stock oil, any of the above-mentioned oils will do. Normal pressure residual oil, 
reduced pressure residual oil, mixed oil of reduced pressure residual oil or asphalt oil and cracked light oil or the like is 

15 preferably used. 

[0041] In this case, the reaction temperature is between 300 and 450°C, preferably between 350 and 420°C, more 
preferably between 370 and 41 0°C. The hydrogen partial pressure is between 7.0 and 25.0 Pa, preferably between 1 0.0 
and 18.0 Pa, more preferably between 10.0 and 18.0 Pa. The liquid space velocity is between 0.01 and 10 h" 1 , prefer- 
ably between 0.1 and 5 h'\ more preferably between 0.1 and 1 h' 1 . The hydrogen/ stock oil ratio is between 500 and 
20 2,500 Nm 3 /kl, preferably between 700 and 2,000 Nm 3 /kl, more preferably between 700 and 2,000 Nm 3 /W. These con- 
ditions are appropriate. 

[0042] The sulfur content, the metal contents (nickel and vanadium) and the like of oil formed can be adjusted by 
property selecting the necessary conditions, for example, the reaction temperature, among the above-described condi- 
tions. When the heavy oil hydrogenation treatment method of the present invention is used as described above, the 
25 hydrogenation treatment of residual oil and the like can be conducted by effectively using the spent catalyst which has 
been so far considered unusable. 

[0043] The present invention is specifically described below by referring to Examples. However, the present inven- 
tion is not limited at all to these Examples. 

30 [Example 1] 

(Production of a new catalyst) 

[0044] Molybdenum oxide (63 g), 18 g, as NiO, of basic nickel carbonate and 33 g of phosphoric acid (purity 85%) 
35 were dissolved in deionized water to adjust the total amount to 200 ml and form an impregnating solution. The water 
content of this impregnating solution was adjusted to adapt to a water absorption of the following carrier, and 400 g of 
a four-leaf-type alumina carrier (specific surface area 230 m 2 /g, average pore diameter 125 A, pore volume 0.65 ml/g) 
were impregnated with the impregnating solution. This was dried at 120°C for 3 hours, and burned at 500°C for 5 hours 
to form new catalyst 1 . 

40 

(Production of a spent catalyst) 

[0045] Hydrodesulfurization treatment of normal pressure residual oil was conducted in a downward flow-type fixed 
bed reactor for 8,000 hours using new catalyst 1 as described above. The desulfurization treatment was continued 
45 while the reaction temperature was adjusted such that the sulfur content of the main component (boiling fraction of 
343°C or more) in oil formed became constant. The properties of typical normal pressure residual oil used are shown 
in Table 1 , and the reaction conditions in the hydrodesulfurization treatment in Table 2. The catalyst in the reactor was 
cleaned with light oil, and further dried by passing a nitrogen gas. Then, the catalyst was withdrawn from 1/3 of the 
lower portion of the reactor, and designated spent catalyst 1 . 

50 

(Production of a regenerated catalyst) 

[0046] The above-obtained spent catalyst 1 was subjected to screening to remove a mass and a powder, and 150 
g thereof were treated at 300°C for 1 hour with a rotary kiln (rotational speed 5 rpm) while feeding 1 00 cc/min of a 100% 
55 nitrogen gas. Then, the product was burned at 450°C for 3 hours while feeding 100 cc/min of a mixed gas containing 
50% of a nitrogen gas and 50% of air. The resulting catalyst was cooled, and a mass and a powder were then removed 
through screening to form regenerated catalyst 1 . The compositions of new catalyst 1 , spent catalyst 1 and regenerated 
catalyst 1 are shown in Table 3, and the forms and the properties thereof in Table 4. 
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(Evaluation of a regenerated catalyst) 

[0047] A small-sized high-pressure fixed bed reactor (volume 200 cc) was packed with 100 cc of regenerated cat- 
alyst 1 . This was preliminarily sulfurized by passing light-duty light oil adjusted to a sulfur concentration of 2.5% with the 
5 addition of D IS/IDS as a sulfurizing agent in a 135 kg/cm 3 hydrogen stream at 250°C for 24 hours. Thereafter, a 
hydrodesulfurization reaction was conducted using demetallized oil obtained by subjecting normal pressure residual oil 
to hydrodemetallization treatment as a raw material. The properties of the hydrodemetallized oil are shown in Table 1 , 
the desulfurization conditions in Table 5, and the properties of oil formed in Table 6. By the way, a method for measuring 
the properties of oil formed is shown in Table 7. (Table 7 is applied to the following method for measuring oil formed.) 

10 

[Example 2] 

(Production of a spent catalyst and a regenerated catalyst) 

15 [0048] Spent catalyst 2 and regenerated catalyst 2 were obtained in the same manner as in [Example 1 ] except that 
new catalyst 1 was subjected to hydrodesulfurization treatment and then withdrawn from 1/3 of the middle portion of the 
reactor. The compositions of spent catalyst 2 and regenerated catalyst 2 are shown in Table 8, and the forms and the 
properties thereof in Table 9. 

20 (Evaluation of a regenerated catalyst) 

[0049] The hydrodesulfurization reaction was conducted in the same manner as in [Example 1] using regenerated 
catalyst 2. The properties of oil formed are shown in Table 6. 

25 [Example 3] 

(Production of a new catalyst) 

[0050] Molybdenum oxide (63 g) and 18 g, as NiO, of basic nickel carbonate were dissolved in deionized water to 
30 adjust the total amount to 200 ml and form an impregnating solution. The water content of this impregnating solution 
was adjusted to adapt to a water absorption of the following carrier, and 400 g of a four- leaf -type alumina carrier (spe- 
cific surface area 230 m 2 /g, average pore diameter 125 A, pore volume 0.6 ml/g) were impregnated with the impregnat- 
ing solution. This was dried at 120°C for 3 hours, and burned at 500°C for 5 hours to form new catalyst 3. 

35 (Production of a spent catalyst and a regenerated catalyst) 

[0051 ] Spent catalyst 3 and regenerated catalyst 3 were obtained in the same manner as in [Example 1 ] except that 
new catalyst 3 was used. The compositions of new catalyst 3, spent catalyst 3 and regenerated catalyst 3 are shown in 
Table 1 0, and the forms and the properties thereof in Table 1 1 . 

40 

(Evaluation of a regenerated catalyst) 

[0052] The hydrodesulfurization reaction was conducted in the same manner as in [Example 1] using regenerated 
catalyst 3. The properties of oil formed are shown in Table 6. 

45 

[Example 4] 

(Evaluation of a regenerated catalyst) 

so [0053] The evaluation was conducted in the same manner as in [Example 1] using regenerated catalyst 1 obtained 
in [Example 1] and mixed oil of deashalting and cracked light oil as stock oil. The desulfurization treatment conditions 
are shown in Table 5, and the properties of mixed oil and the properties of oil formed in Table 12. (A method for meas- 
uring properties of mixed oil is as shown in Table 7). 

55 
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[Example 5] 

(Production of a new catalyst) 

s [0054] Molybdenum oxide (63 g) and 18 g, as CoO, of cobalt carbonate were dissolved in deionized water to adjust 
the total amount to 200 ml and form an impregnating solution. The water content of this impregnating solution was 
adjusted to adapt to a water absorption of the following carrier, and 400 g of a four-leaf-type alumina carrier (specific 
surface area 230 m 2 /g, average pore diameter 125 A, pore volume 0.6 ml/g) were impregnated with the impregnating 
solution. This was dried at 120°C for 3 hours, and burned at 500°C for 5 hours to form new catalyst 5. 

10 

(Production of a spent catalyst and a regenerated catalyst) 

[0055] Spent catalyst 5 and regenerated catalyst 5 were obtained in the same manner as in [Example 1 ] except that 
new catalyst 5 was used. The compositions of new catalyst 5, spent catalyst 5 and regenerated catalyst 5 are shown in 
15 Table 1 3, and the forms and the properties thereof in Table 14. 

(Evaluation of a regenerated catalyst) 

[0056] The hydrodesulfurization reaction was conducted in the same manner as in [Example 1] using regenerated 
20 catalyst 5. The properties of oil formed are shown in Table 1 5. 

[Example 6] 

(Evaluation of a regenerated catalyst) 

25 

[0057] The hydrodesulfurization reaction was conducted in the same manner as in [Example 1] except that normal 
pressure residual oil shown in Table 1 was used instead of using the demetallized oil subjected to the hydrodemetalli- 
zation treatment as a raw material. The properties of normal pressure residual oil used are shown in Table 1, and the 
properties of oil formed in Table 15. 

30 

[Comparative Example 1] 

(Production of a regenerated catalyst) 

35 [0058] Spent catalyst 1 was subjected to screening to remove a mass and a powder. Then, 150 g thereof were 
treated at 300°C for 1 hour with a rotary kiln (rotational speed 5 rpm) while feeding 100 cc/min of a 100% nitrogen gas. 
Then, the catalyst was burned at 500°C for 1 hour while feeding 100 cc/min of 100% air. The resulting catalyst was 
cooled, and a mass and a powder were then removed through screening to form regenerated catalyst 6. The composi- 
tion of regenerated catalyst 6 is shown in Table 16, and the form and the properties thereof in Table 1 7. 

40 

(Evaluation of a regenerated catalyst) 

[0059] The hydrodesulfurization reaction was conducted in the same manner as in [Example 1] using regenerated 
catalyst 6. The properties of oil formed are shown in Table 1 8. 

45 

[Comparative Example 2] 

(Production of a regenerated catalyst) 

so [0060] Regenerated catalyst 7 was obtained in the same manner as in [Comparative Example 1 ] except that spent 
catalyst 2 was used. The composition of regenerated catalyst 7 is shown in Table 16, and the form and the properties 
thereof in Table 17. 

(Evaluation of a regenerated catalyst) 

55 

[0061] The hydrodesulfurization reaction was conducted in the same manner as in [Example 1] using regenerated 
catalyst 7. The properties of oil formed are shown in Table 18. 
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[Comparative Example 3] 
(Production of a regenerated catalyst) 

[0062] Regenerated catalyst 8 was obtained in the same manner as in [Comparative Example 1] except that spent 
catalyst 3 was used. The composition of regenerated catalyst 8 is shown in Table 16, and the form and the properties 
thereof in Table 17. 

(Evaluation of a regenerated catalyst) 

[0063] The hydrodesulfurization reaction was conducted in the same manner as in [Example 1] using regenerated 
catalyst 8. The properties of oil formed are shown in Table 18. 

[Comparative Example 4] 

(Production of a regenerated catalyst) 

[0064] Regenerated catalyst 9 was obtained in the same manner as in [Comparative Example 3] except that oxida- 
tion treatment was conducted with 100% air at 600°C for 1 hour. The composition of regenerated catalyst 9 is shown in 
Table 19, and the form and the properties thereof in Table 20. 

(Evaluation of a regenerated catalyst) 

[0065] The hydrodesulfurization reaction was conducted in the same manner as in [Example 1] using regenerated 
catalyst 9. The properties of oil formed are shown in Table 21 . 

[Comparative Example 4] 

[0066] The hydrodesulfurization reaction was conducted in the same manner as in [Comparative Example 1] using 
a spent catalyst (regenerated catalyst 9) obtained as in Example 5. The composition of regenerated catalyst 10 is 
shown in Table 19, the form and the properties thereof in Table 20, and the properties of oil formed in Table 21 . 
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Table 1 



Properties of normal pressure residual oil and demetallized oil 


Items 


Normal pressure resid- 
ual oil 


Demetallized oil 


Measuring method 


Density (15°C, g/cm 3 ) 


0.981 


0.951 


J IS K-2249 


Kinetic viscosity (50°C, cSt) 


880 


200 


J IS K-2283 


Residual carbon (wt.%) 


12.1 


9.0 


J IS K-2270 


Asphaltene (wt.%) 


6.1 


3.5 


IP 143 


Contents of impurities 
fwpiahtt 








Sulfur (%) 


4.03 


2.10 


J IS K-2541 


Nitrogen (ppm) 


2310 


2090 


J IS K-2609 


Vanadium (ppm) 


70.7 


26.9 


JPI-5S-10-79 


Nickel (ppm) 


22.8 


12.6 


JPI-5S-11-79 


Distillation conditions (°C) 






J IS K-2254 


IBP 


256 


131 




10% 


390 


340 




20% 


438 


398 




40% 


513 


474 





30 



Table 2 



35 


Desulfurization reaction conditions for production of spent catalyst 






Example 1 




Stock oil 


Normal pressure resid- 
ual oil 


40 


Hydrogen partial pressure (kg/cm 2 ) 


130 




Liquid space velocity (/hr) 


0.3 




Hydrogen/stock oil ratio (Nm 3 /kl) 


850 


45 


Sulfur content (wt.%) of main components in oil formed 


0.3 




Duration time of reaction (hr) 


8000 



50 
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Table 3 



Composition of catalyst 1 


Tvnp nf natalv^t 


Npw catalv^t 1 

IHCV* Vd LCI 1 Jf OL 1 


Snpnt natslv^t 1 


Rpnpnpratpd natalv^t 1 








Fvamnlp 1 


Carrier 


Alumina - phosphorus 


Alumina- phosphorus 


Alumina - phosphorus 


Phosohorus content (wt 


1.6 


1.6 


1.6 


Metal contents (wt.%) 








Molybdenum 


8.8 


8.0 


8.0 


Nickel 


2.3 


3.8 


3.8 


Cobalt 








Vanadium 




5.6 


5.6 


Iron (Fe 2 0 3 ) 




0.7 


0.7 


Carbon content (wt.%) 




22.6 


0.7 


Sulfur content (wt.%) 




7.8 


0.9 



Table 4 



Form and properties of catalyst 1 


Type of catalyst 


New catalyst 1 


Spent catalyst 1 


Regenerated catalyst 1 








Example 1 


Form 


4- leaf cylindrical 


4- leaf cylindrical 


4-leaf cylindrical 


Average length (mm) 


3 


2.8 


2.8 


1 .5 mm or less (wt.%) 


2 


8 


3 


1 .0 mm or less (wt.%) 


<1 


3 


<1 


Pore structure 








Specific surface area (m 2 /g) 


204 


105 


181 


Pore volume (cc/g) 


0.6 


0.25 


0.52 


X-ray diffraction measurement 








pattern 








"A 






0.28 


" 2 /"i 






0.33 


I3/I1 






0.26 
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Table 5 



Desulfurization treatment conditions 




Example 1 


Example 4 


Stock oil 


Normal pressure residual oil 


Mixed oil 


Sulfur content (wt.%) 


2.0 


3.8 


Reaction temperature (°C) 


375 


335 


Hydrogen partial pressure (kg/cm 2 ) 


135 


125 


Liquid space velocity (/hr) 


0.3 


0.25 


Hydrogen/stock oil ratio (Nm 3 /kl) 


840 


850 


Duration time of reaction (hr) 


250 


250 



20 

Table 6 



Properties of oil formed 


Items 


Example 1 


Example 2 


Example 3 


Density (15°C, g/cm 3 ) 


0.917 


0.920 


0.919 


Kinetic viscosity (50°C, cSt) 


86 


102 


105 


Residual carbon (wt.%) 


4.3 


4.8 


5.1 


Asphaltene (wt.%) 


1.2 


1.3 


1.4 


Contents of impurities 
(weight) 








Sulfur (%) 


0.33 


0.36 


0.29 


Nitrogen (ppm) 


960 


994 


1160 


Vanadium (ppm) 


10.6 


11.6 


10.6 


Nickel (ppm) 


6.7 


7.5 


6.7 


Distillation conditions (°C) 








IBP 


119 


115 


115 


10% 


317 


322 


321 


20% 


382 


384 


385 


40% 


459 


462 


466 



50 



55 
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Table 7 



Method for measuring properties of oil formed 


Items 


Measuring method 


Density (15°C, g/cm 3 ) 
Kinetic viscosity (50°C, cSt) 
Residual carbon (wt.%) 
Asphaltene (wt.%) 


J IS K-2249 
J IS K-2283 
J IS K-2270 
IP 143 


Contents of impurities 
(weight) 




Sulfur (%) 
Nitrogen (ppm) 
Vanadium (ppm) 
Nickel (ppm) 


J IS K-2541 
J IS K-2609 
JPI-5S-10-79 
JPI-5S-11-79 


Distillation conditions (°C) 

IBP 

10% 

20% 

40% 


J IS K-2254 



Table 8 



Composition of catalyst 2 


Type of catalyst 


New catalyst 2 


Spent catalyst 2 


Regenerated catalyst 2 








Example 2 


Carrier 


Alumina - phosphorus 


Alumina- phosphorus 


Alumina - phosphorus 


Phosphorus content (wt.%) 


1.6 


1.6 


1.6 


Metal contents (wt.%) 








Molybdenum 


8.8 


8.1 


8.0 


Nickel 


2.3 


4.2 


4.1 


Cobalt 








Vanadium 




8.7 


8.6 


Iron (Fe 2 0 3 ) 




1.0 


1.1 


Carbon content (wt.%) 




19.3 


0.9 


Sulfur content (wt.%) 




8.3 


0.9 
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Table 9 



Form and properties of catalyst 2 


Tvoe of catalvst 


New catalvst 2 


Soent catalvst 2 


Reaenerated catalvst 2 








Example 2 


Form 


4-leaf cylindrical 


4-leaf cylindrical 


4-leaf cylindrical 


Average length (mm) 


3.2 


2.6 


2.8 


1 .5 mm or less (wt.%) 


2 


6 


3 


1 .0 mm or less (wt.%) 


<1 


3 


<1 


Pore structure 








Specific surface area (m 2 /g) 


204 


126 


183 


Pore volume (cc/g) 


0.6 


0.28 


0.54 


X-ray diffraction measurement 








pattern 








h/lo 






0.31 


"2/I1 






0.48 


I3/I1 






0.42 



Composition of catalyst 3 


Type of catalyst 


New catalyst 3 


Spent catalyst 3 


Regenerated catalyst 3 








Example 3 


Carrier 


Alumina 


Alumina 


Alumina 


Phosphorus content (wt.%) 


0 


0 


0 


Metal contents (wt.%) 








Molybdenum 


8.7 


8.1 


8.1 


Nickel 


2.3 


3.4 


3.3 


Cobalt 








Vanadium 




6.3 


6.2 


Iron (Fe 2 0 3 ) 




0.5 


0.6 


Carbon content (wt.%) 




20.1 


0.9 


Sulfur content (wt.%) 




7.8 


0.9 



55 
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Table 1 1 



Form and properties of catalyst 3 


Tvdp of ratalv^t 


Npw ratalv^t 3 


0|JCI IL V/dLClljrOl O 


Rpnpnpratpri ratalvot 3 

1 icy ci ici cilcvj VydiciiyoL o 








Example 3 


Form 


4-leaf cylindrical 


4-leaf cylindrical 


4-leaf cylindrical 


Average length (mm) 


3.2 


2.5 


2.0 


1.5 mm or less (wt.%) 


2 


8 


5 


1.0 mm or less (wt.%) 


<1 


4 


<1 


Pore structure 








Specific surface area 


220 


1 1 1 


185 


(m 2 /g) 








Pore volume (cc/g) 


0.65 


0.27 


0.55 


X-ray diffraction meas- 








urement pattern 








h/lo 






0.35 


l 2 /"i 






0.39 


I3/I1 






0.37 



Table 12 



Properties of mixed oil and oil formed (Example 4) 


Items 


Mixed oil 


Oil formed 






Example 4 


Density (15°C, g/cm 3 ) 


0.995 


0.837 


Kinetic viscosity (50°C, cSt) 


1060 


401 


Residual carbon (wt.%) 


17.3 


10.9 


Asphaltene (wt.%) 


7.2 


3.0 


Contents of impurities 
(weight) 






Sulfur (%) 


3.80 


1.35 


Nitrogen (ppm) 


2500 


2220 


Vanadium (ppm) 


30.5 


24.2 


Nickel (ppm) 


17.3 


10.8 


Distillation conditions (°C) 






IBP 


163 


133 


10% 


255 


199 


30% 


503 


246 


50% 




281 
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Table 13 



Composition of catalyst 5 


Type of catalyst 


New catalyst 5 


Spent catalyst 5 


Regenerated catalyst 5 




Examples 5, 6 


Examples 5, 6 


Examples 5, 6 


Carrier 


Alumina 


Alumina 


Alumina 


Phosphorus content (wt.%) 


0 


0 


0 


Metal contents (wt.%) 








Molybdenum 


8.8 


8.0 


8.0 


Nickel 




1.4 


1.6 


Cobalt 


2.4 


2.2 


2.3 


Vanadium 




5.2 


5.1 


Iron (Fe 2 0 3 ) 




0.5 


0.5 


Carbon content (wt.%) 




24.9 


1.0 


Sulfur content (wt.%) 




7.7 


0.9 



Table 14 



Form and properties of catalyst 5 


Type of catalyst 


New catalyst 5 


Spent catalyst 5 


Regenerated catalyst 5 




Examples 5, 6 


Examples 5, 6 


Examples 5, 6 


Form 


4-leaf cylindrical 


4-leaf cylindrical 


4-leaf cylindrical 


Average length (mm) 


3 


2.5 


2.5 


1 .5 mm or less (wt.%) 


2 


8 


5 


1 .0 mm or less (wt.%) 


<1 


4 


<1 


Pore structure 








Specific surface area (m 2 /g) 


216 


132 


178 


Pore volume (cc/g) 


0.66 


0.28 


0.57 


X-ray diffraction measurement 








pattern 








"i/"o 






0.25 


l 2 /h 






0.44 


I3/I1 






0.11 



55 
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Table 15 



Properties of oil formed 


Items 


Example 5 


Example 6 


Density (1 5°C, g/cm 3 ) 


0.920 


0.938 


Kinetic viscosity (50°C, cSt) 


110 


122 


Residual carbon (wt.%) 


5.0 


6.3 


Asphaltene (wt.%) 


1.5 


2.2 


Contents of impurities 
fweiahfl 






Sulfur (%) 


0.35 


0.97 


Nitrogen (ppm) 


1157 


1218 


Vanadium (ppm) 


12.5 


18.6 


Nickel (ppm) 


8.1 


9.8 


Distillation conditions (°C) 






IBP 


117 


115 


10% 


325 


328 


20% 


390 


391 


40% 


471 


464 



Table 16 



Compositions of catalysts 6 to 8 


Type of catalyst 


New catalyst 6 


Spent catalyst 7 


Regenerated catalyst 8 




Comparative Example 1 


Comparative Example 2 


Comparative Example 3 


Carrier 


Alumina* phosphorus 


Alumina* phosphorus 


Alumina 


Phosphorus content (wt.%) 


2.8 


1.6 


0 


Metal contents (wt.%) 








Molybdenum 


8.0 


8.0 


8.2 


Nickel 


3.8 


4.0 


3.3 


Cobalt 








Vanadium 


5.7 


8.7 


6.3 


Iron (Fe 2 0 3 ) 


0.7 


1.0 


0.6 


Carbon content (wt.%) 


0.1 


0.1 


0.1 


Sulfur content (wt.%) 


0.3 


0.3 


0.3 
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Table 17 



Forms and properties of catalysts 6 to 8 


Tvoe of catalvst 


New catalvst 6 


Soent catalvst 7 


Reaenerated catalvst 8 




Comparative Example 1 


Comparative Example 2 


Comparative Example 3 


Form 


4-leaf cylindrical 


4-leaf cylindrical 


4-leaf cylindrical 


Average length (mm) 


2.3 


2.3 


2.1 


1 .5 mm or less (wt.%) 


3 


3 


4 


1 .0 mm or less (wt.%) 


<1 


<1 


<1 


Pore structure 








Specific surface area (m 2 /g) 


134 


147 


122 


Pore volume (cc/g) 


0.47 


0.42 


0.40 


X-ray diffraction measurement 








pattern 








"i/"o 


0.30 


1.87 


1.46 


" 2 /"i 


1.62 


0.20 


1.83 


I3/I1 


0.35 


1.53 


0.78 



Properties of oil formed 


Items 


Comparative Example 1 


Comparative Example 2 


Comparative Example 3 


Density (15°C, g/cm 3 ) 


0.930 


0.931 


0.933 


Kinetic viscosity (50°C, cSt) 


137 


134 


147 


Residual carbon (wt.%) 


6.5 


6.8 


7.3 


Asphaltene (wt.%) 


2.3 


2.2 


2.9 


Contents of impurities 
(weight) 








Sulfur (%) 


0.58 


0.56 


0.62 


Nitrogen (ppm) 


1551 


1580 


1610 


Vanadium (ppm) 


15.6 


16.2 


16.8 


Nickel (ppm) 


8.9 


9.9 


9.2 


Distillation conditions (°C) 








IBP 


115 


117 


117 


10% 


344 


349 


342 


20% 


391 


390 


388 


40% 


466 


462 


460 



55 
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Table 19 



Compositions of regenerated catalysts 9 and 10 


Tvnp of ratalv^t 


Rpripnpratpr! ratalv^t Q 

1 ICy CI Id ClLCd V/ClLCliyOL Zf 


Rpnpnpratpo 1 ratalv^t 10 

1 icyci ici chcvj 00 idiy 01 1 \j 




Comoaratix/p Examnlp 4 


Comnarativp Eyamolp ^ 


Carrier 


Alumina 


Alumina 


Phosohorus content (wt °/e%\ 

1 1 IVwjJI Ivl vvl llvl 1 L y VV L. f\J J 


0 


0 


Metal contents (wt.%) 






Molybdenum 


8.2 


8.1 


Nickel 


3.3 


1.5 


Cobalt 




2.3 


Vanadium 


6.1 


5.2 


Iron (Fe 2 0 3 ) 


0.6 


0.6 


Carbon content (wt.%) 


0.1 


0.1 


Sulfur content (wt.%) 


0.1 


0.2 


Table 20 


Forms and properties of catalysts 9 and 10 


Type of catalyst 


Regenerated catalyst 9 


Regenerated catalyst 10 




Comparative Example 4 


Comparative Example 5 


Form 


4-leaf cylindrical 


4-leaf cylindrical 


Average length (mm) 


2.0 


2.3 


1 .5 mm or less (wt.%) 


5 


5 


1 .0 mm or less (wt.%) 


<1 


<1 


Pore structure 






Specific surface area (m 2 /g) 


44 


137 


Pore volume (cc/g) 


0.25 


0.46 


X-ray diffraction measurement 






pattern 






h/"o 


1.83 


1.85 


" 2 /"i 


2.18 


1.62 


I3/I1 


1.43 


0.57 
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Table 21 





Properties of oil formed 


5 


Items 


Comparative Example 4 


Comparative Example 5 




Density (15°C, g/cm 3 ) 


0.937 


0.931 




Kinetic viscosity (50°C, cSt) 


163 


130 


10 


Residual carbon (wt.%) 


7.8 


6.5 




Asphaltene (wt.%) 


3.0 


2.1 




Contents of impurities 






15 


Sulfur (%) 


0.79 


0.69 




Nitrogen (ppm) 


1773 


1627 




Vanadium (ppm) 


17.3 


16.0 


20 


Nickel (ppm) 


10.0 


9.6 




Distillation conditions (°C) 








IBP 


119 


115 




10% 


340 


344 


25 


20% 


388 


388 




40% 


465 


461 



Industrial Applicability 

30 

[0067] The regenerated catalyst of the present invention can conduct a good desulfurization reaction of residual oil 
or the like under the same conditions as in the treatment using an ordinary new catalyst, and exhibits excellent effects 
as an effective method for using a spent catalyst. 

35 Claims 

1 . A catalyst to be fed to a heavy oil hydrogenation treatment apparatus in which an inorganic oxide carrier containing 
alumina contains Mo, Ni and V or Mo, Co and V, a peak height ratio l-|/l 0 according to the X-ray diffraction meas- 
urement is between 0.1 and 1.0, and l 2 /l 1 is 1.0 or less in which l 0 , I-, and l 2 are peak heights appearing when d 

40 values of the X-ray diffraction pattern are 1 .98 ± 0.05 A, 3.32 ± 0.05 A and 3.79 ± 0.05 A, respectively. 

2. The catalyst as claimed in claim 1 , wherein a peak height ratio I3/I1 according to the X-ray diffraction measurement 
is 1 .0 or less in which l 3 is a peak height appearing when a d value of the X-ray diffraction pattern is 3.55 ± 0.05 A. 

45 3. The catalyst as claimed in claim 1 or 2, wherein the vanadium content is between 0.1 and 35% by weight. 

4. The catalyst as claimed in any of claims 1 to 3, wherein the carbon content is between 0.3 and 15% by weight. 

5. The catalyst as claimed in any of claims 1 to 4, wherein a specific surface area is between 60 and 220 m 2 /g. 

50 

6. The catalyst as claimed in any of claims 1 to 5, wherein a pore volume is between 0.3 and 1 .2 cc/g. 

7. The catalyst as claimed in any of claims 1 to 6, wherein the form of the catalyst is substantially cylindrical, the axial 
average length is between 1.6 and 10.0 mm, a product of 1.5 mm or less is 10% by weight or less, and a product 

55 of 1 .0 mm or less is 5% by weight or less. 

8. The catalyst as claimed in any of claims 1 to 6, wherein the average length of the catalyst is between 2.0 and 10.0 
mm, the product of 1 .5 mm or less is 1 0% by weight or less and the product of 1 .0 mm or less is 5% by weight or 
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less. 

9. The catalyst as claimed in any of claims 1 to 8 which is obtained by using a catalyst in which Mo and Ni or Mo and 
Co are supported on an inorganic oxide carrier containing alumina in hydrogenation treatment of heavy oil, and 

5 then regenerating the catalyst through oxidation. 

10. The catalyst as claimed in any of claims 1 to 9, wherein the molybdenum content is in the range of 0.1 to 25% by 
weight, and the nickel or cobalt content is in the range of 0.1 to 10% by weight. 

10 11. The catalyst as claimed in claim 10, wherein the inorganic oxide carrier containing alumina contains 0.1 to 10% by 
weight of phosphorus. 

12. A method for hydrogenation treatment of heavy oil using the catalyst as claimed in any of claims 1 to 1 1 . 

15 13. The method as claimed in claim 12, wherein the hydrogenation treatment is hydrodesulfurization treatment or 
hydrodemetallization treatment. 
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